Objective. Disabling pediatric chronic pain is accompanied by a significant burden to those affected and by high societal costs. Furthermore, it bears the risk of aggravation into adulthood. Studies have shown intensive interdisciplinary pain treatment to result in short-term positive effects on pain-related and psychological outcomes. In this study, we aimed to prove the stability of the long-term effects of intensive interdisciplinary pain treatment four years after treatment.
Introduction
Disabling pediatric chronic pain, with a prevalence of 3% to 5% [1] , is a serious problem and not only for those directly affected. Totaling an estimated $19.5 billion for health care in the United States annually [2] , the cost exacts a significant toll on society. Children and adolescents with chronic pain frequently access a variety of health care services, including primary care physicians, V C 2017 American Academy of Pain Medicine. All rights reserved. For permissions, please e-mail: journals.permissions@oup.com various specialty physicians (e.g., gastroenterologists, neurologists, rheumatologists, orthopedic surgeons), radiological examinations, and emergency room visits [2] [3] [4] [5] [6] . The individual and societal impacts of chronic pain are particularly serious in light of the high likelihood that without effective treatment, chronic pain persists into adulthood [7, 8] .
A number of studies have shown intensive interdisciplinary pain treatment (IIPT) to be a short-term effective treatment for children and adolescents with disabling chronic pain [9] . IIPT addresses underlying pain mechanisms, adapts pain medication, focuses comorbidities such as anxiety or depression, and teaches active coping skills [10, 11] . IIPT includes the concurrent efforts of physicians, nurses, mental health professionals, and physical therapists. Several studies have revealed that IIPT not only has positive short-term effects on painrelated parameters, such as pain intensity, pain-related disability, or school absence [12] [13] [14] , but also positively influences psychological functioning by reducing anxiety, depression, or pain catastrophizing [12, 13, 15] . However, most studies only examined effects up to one year after treatment and did not prove long-term effectiveness. In addition, our knowledge of the long-term economic effects of IIPT remains limited. Only a few studies have suggested that involvement in an interdisciplinary program for children and adolescents may be associated with decreased health care use and decreased indirect costs [3, 6, 13] . Only one study has yet examined the long-term pain-related and economic effects over a period greater than one year [16] . However, this study has methodological weaknesses due to a retrospective design, high dropout rates, and a special sample (high amount of patients with complex regional pain syndrome [CRPS] ). In addition, functional disability was not analyzed.
The present study therefore had two objectives: first, we aimed to evaluate the long-term effects of inpatientbased IIPT for children and adolescents one and four years after treatment in terms of statistical and clinical significance. Long-term follow-up is important to the investigation of the sustainability of IIPT. So far, reliable evidence only exists for the short-term effects of IIPT. No reliable data document the long-term effects beyond one year after treatment. We focused on changes between admission and four-year follow-up as well as between the one-year and four-year follow-up because detailed analyses of changes from admission to the one-year follow-up have been reported previously [13] . We hypothesized that there would be significant declines from admission to the four-year follow-up in all pain-related, psychological, and economic outcome domains and that declines reached one year after treatment would be stable over time. Second, we aimed to investigate whether the rate of change in economic parameters differed depending on the pain-related improvement of the patients. We hypothesized the economic burden to be lower in adolescents with overall improvement.
Methods

Sample
This study is a four-year follow-up of our randomized controlled trial (RCT) on the efficacy and economic effects of IIPT for children and adolescents with disabling chronic pain [13] . In this RCT, 120 eligible children were randomized to either an intervention group (N ¼ 61) receiving IIPT immediately after randomization or a waitlist control group (N ¼ 59). The latter received IIPT after a three-week waiting period so that all children received the IIPT. Due to the waitlist design, the original randomization does not have any effect on the follow-up analyses. Therefore, the two groups are treated as one for these analyses. Exclusion criteria for the RCT were CRPS diagnosis, previous IIPT, and age younger than nine years.
Only patients who completed the IIPT according to protocol and who were willing to participate in the followup study were included. Of the 104 eligible adolescents, 72 participated in the four-year follow-up assessment (for details on sample characteristics at the initial appointment, see Hechler et al. [13] ). The study flowchart is depicted in Figure 1 .
There were no statistically significant differences between adolescents who participated in the four-year follow-up study and those who did not in terms of demographic characteristics (variables: age, sex), pain, or psychological characteristics at admission (variables: pain intensity, pain-related disability, pain-related school absence, anxiety, depression, and catastrophizing; statistical tests: Fishers test, Mann-Whitney U test).
Procedure
The study was implemented as a longitudinal observational study of adolescents who had received IIPT and were followed across three time points: admission, oneyear follow-up, and four-year follow-up. At the initial appointment (admission), the patient and his/her family completed the study questionnaires on the ward. Twelve months after the initial appointment (one-year follow-up), adolescents and parents received the questionnaires via mail and were asked to return them to the German Paediatric Pain Centre. The long-term follow-up four years after the initial appointment (four-year follow-up) was conducted 1) via a structured phone interview by trained student research assistants and 2) via questionnaires. The interview lasted approximately 30 minutes. At the end of the interview, the adolescents were asked if they and their parents were willing to complete additional questionnaires (see the Measures section for details), which were sent to them via mail. Pain-related data were collected in the interview, whereas the questionnaires addressed psychological and economic outcome measures. To enhance motivation for participation, participants who participated in the interview and returned the questionnaires were eligible to win a tablet PC.
Long-Term Outcome Pediatric Chronic Pain Treatment
The intensive interdisciplinary pain treatment (IIPT) is a manualized, inpatient-based treatment approach delivered by a multiprofessional team. The different treatment modules address education, realistic goal determination, pain coping strategies, treatment of cooccurring emotional distress, drug treatment or physiotherapy, and relapse prevention [17] . Parents are actively involved in IIPT, with weekly family sessions focusing on education, changing parental cognitions and behaviors, and strengthening the parents' ability to cope with the child's pain [17] . Treatment duration is three weeks, with five to eight hours of treatment per day. Reintegration into the patient's daily life, comprising visits at home and at home school, is initiated from the second week onward.
Measures
Mean Pain Intensity
Mean pain intensity within the preceding seven days was assessed using an 11-point numeric rating scale (NRS), with 0 indicating no pain and 10 indicating maximal pain.
Pain-Related Disability
Pain-related disability was assessed using the validated German version of the Paediatric Pain Disability Index (P-PDI) [18] , which assesses disability in daily activities due to pain with good reliability (internal consistency ¼ 0.87). Scores can range from 12 to 60, with higher values indicative of greater disability.
School/Work Absence
School/work absence was reported by the adolescents as the number of days they had missed school or work because of pain within the last four weeks.
General Anxiety
General anxiety was assessed using the general anxiety subscale of the Anxiety Questionnaire for Pupils [19] , which has shown good internal consistency (Cronbach's alpha ¼ 0.70) [19] . This measure allows a norm-based comparison with healthy school children (T values).
Depression
Depression was assessed using the Depression Inventory for Children and Adolescents [20] . The questionnaire measures depression with good reliability (internal consistency ¼ 0.84) and validity [20] . T values from healthy school children are available.
Pain Catastrophizing
Pain catastrophizing was assessed via the catastrophizing subscale of the Pain-Related Cognitions Questionnaire for Children [21] that measures catastrophizing with good reliability (internal consistency ¼ 0.78) and validity [21] . Subscale scores range from 1 to For each participant and all scales, up to 25% of missing values were imputed using the two-way imputation method [22] . The percentage of imputed data was 1.0% for the P-PDI, 1.8% for the Anxiety Questionnaire for Pupils, 0.3% for the Depression Inventory for Children and Adolescents, and 0.4% for the Pain-Related Cognitions Questionnaire for Children.
Economic Effects of IIPT
The economic effects of IIPT were measured via a questionnaire [13] . To assess utilization of health care services, parents were asked about medical and social services (e.g., pediatrician, general practitioner, alternative practitioner, physiotherapist) that their child had used within the last six months because of the chronic pain condition. Health care utilization was subsequently determined as the number of different services used during the six-month time frame. Parents reported their subjective financial burden due to the adolescent's pain condition on a single scale by means of four categories of burden: no, moderate, high, and very high.
Ethics
The Ethics Committee of Children's Hospital Datteln approved the study. Informed consent was given orally on the phone by the adolescents. If they were younger than 16 years, their parents also provided informed consent.
Statistical Analyses
All data analyses were implemented by means of SPSS software (release 22.0 for Windows).
Long-Term Treatment Effects: Statistical Significance
To assess the efficacy of IIPT, we conducted Friedman tests to compare each of the three pain-related (pain intensity, disability, school/work absence) and the three psychological outcome domains (anxiety, depression, catastrophizing) over the three time points: admission, one-year follow-up, and four-year follow-up. Post hoc analyses were conducted using Wilcoxon signed-rank tests.
Furthermore, we conducted a Cochran's Q-test for permanent pain (yes/no) at admission and the one-and four-year follow-up and McNemar's tests for post hoc analyses. For number of main pain locations, a Friedman test and post hoc Wilcoxon signed-rank tests were used to assess change over the three time points.
Long-Term Treatment Effects: Clinical Significance
Based on the approach suggested by Jacobson and Truax [23] , we determined a clinically significant change in the three pain-related and three psychological outcome domains at four-year follow-up. This resulted in five categories for each variable: "clinically significant change," "statistically but not clinically significant change," "no change, unproblematic," "no change, problematic," and "reliable deterioration." Figure 2 illustrates the assignment procedure of these clinical significance categories.
Overall Improvement and Maintenance Groups at One-and Four-Year Follow-Up "Overall improvement" at four-year follow-up was based on the clinically significant changes in the three painrelated outcomes for four-year follow-up as defined in previous studies [13] . The patients were classified as showing improvement if they did not show "reliable deterioration" in any pain-related variable and had "clinically significant changes" in one or both disabilityrelated variables (pain-related disability and school absence). All other patients were classified as showing "no improvement." Univariate logistic regressions were used to predict overall improvement with pain (pain intensity, pain-related disability, pain-related school absence) and psychological characteristics (anxiety, depression, catastrophizing) at admission as well as demographic characteristics (age, sex).
To investigate whether there was a systematic change in the overall improvement status of patients at oneand four-year follow-up, we utilized McNemar's test. Additionally, we subdivided the adolescents into four maintenance groups according to the stability of their overall improvement:
1. "permanent improvers": stable overall improvement at both the one-and four-year follow-ups;
2. "long-term improvers": no overall improvement at the one-year follow-up but overall improvement at the four-year follow-up;
3. "short-term improvers": overall improvement at the one-year follow-up but no overall improvement at the four-year follow-up;
4. "permanent nonimprovers": stable no overall improvement at both follow-ups.
Economic Effects of the IIPT
Descriptive characteristics of the different services used at the three time points are presented. We investigated the change in the economic variables across time by use of Friedman tests. For number of services used, Wilcoxon signed-rank tests were conducted for post hoc analyses, and Sign tests were used for post hoc analyses on the ordinally scaled subjective financial burden.
Long-Term Outcome Pediatric Chronic Pain Treatment
Treatment Outcome and Rate of Change in the Economic Parameters
Based on their pain improvement status at four-year follow-up, we assigned the adolescents to the improvement or nonimprovement group for further analyses. Mann-Whitney U tests were applied to assess differences between the two groups for both economic parameters at each time point. Additionally, change across time points was analyzed separately for the two groups by use of Wilcoxon signed-rank tests for number of services used and Sign tests on the ordinally scaled subjective financial burden.
For all statistical analyses, a P value of 0.05 was considered statistically significant, and the alpha level for multiple comparisons was adjusted according to Bonferroni-Holm [26] . We calculated Pearson's r as an effect size. A coefficient smaller than 0.3 is indicative of a small effect, whereas a coefficient between 0.3 and 0.5 reflects a medium effect, and a coefficient above 0.5 is large.
Results
By the four-year follow-up, the adolescents had an average age of 17.6 years (SD ¼ 2.2 years), and 77.8% were female. Forty-three (59.7%) indicated that they had pain in the preceding four weeks; 22 (30.6%) adolescents reported pain-related school/work absence. Table 1 shows pain characteristics of those adolescents who still reported pain at the four-year follow-up.
CLINICAL SIGNIFICANCE STEP 2:
Cut-point Figure 2 Assignment procedure of the clinical significance categories. Clinically significant change was defined by two criteria. First, the magnitude of change between pre-and post-treatment scores was statistically and reliably tested by use of a reliable change index (RCI). This resulted in three outcome stages: "no reliable change" (-1.96 RCI 1.96), "reliable deterioration" (RCI > 1.96), and "reliable improvement" (RCI < -1.96) for each patient and each parameter. Second, by the end of treatment, the patients should have moved from a dysfunctional to a more functional level to render them indistinguishable from healthy people. Therefore, cutoff points for the six parameters were defined. We defined these cutoff points from prior publications. For pain intensity, a raw change of -1 on an numeric rating scale was used [24] . For P-PDI, we utilized a cutoff point at 90% of a patient population (mean before treatment þ/À 1.6 SD), resulting in a cutoff score of 23.09 [25] . The cutoff for school/work absence was based on our previous definition that pain-related school/work absence of 10% (i.e., two days over a four-week period) or more would be considered unacceptable by the teaching staff. For anxiety, depression and catastrophizing, a cutoff point at 68% of a healthy population (mean þ1 SD) was used, resulting in a cutoff score of T ¼ 60 for anxiety and depression and 2.67 for catastrophizing (M ¼ 2.02, SD ¼ 0.65) [21] . Using these cutoff points together with the RCI, we defined five outcome groups for each of the six variables: 1) "clinically significant change": reliable improvement and four-year follow-up scores below the cut-point; 2) "statistically but not clinically significant": reliable improvement and four-year follow-up scores not exceeding or equal to the cut-point; 3) "no change, unproblematic": no reliable change and admission scores below or equal to the cut-point; 4) "no change, problematic": no reliable change and admission scores above the cut-point; 5) "reliable deterioration": reliable change in the undesired direction (i.e., RCI > 1.96).
Long-Term Treatment Effects: Statistical Significance
Across the three time points, the three pain-related and three psychological outcome domains changed statistically significantly (all v 2 > 14.0, all P < 0.002) (Table 2, Figure 3 ).
For pain intensity, disability, and school/work absence, the post hoc tests revealed that patients showed statistically significant decreases from admission to four-year follow-up (all Z < -5.4, all P < 0.001). There were no statistically significant differences in the pain-related outcome domains between the one-and four-year followups (all Z > -1.5, all P > 0.126). The same pattern emerged for anxiety, depression, and catastrophizing, with patients showing statistically significant decreases from admission to four-year follow-up (all Z < -2.3, all P < 0.022) and no statistically significant differences between the one-and four-year follow-ups (all Z > -1.5, all P > 0.132). Effect sizes for statistically significant outcomes were medium or large for pain-related outcome measures (all r < -0.48) and small or medium for psychological outcome measures (all r < -0.23) (for additional results, see Supplementary Tables S1 and S2 ).
The proportion of patients who reported permanent pain changed statistically significantly across the three time points (Cochran's Q ¼ 21.5, P < 0.001). Post hoc analyses revealed a statistically significant change from admission to four-year follow-up (McNemar's v 2 ¼ 13.5, P < 0.001). Of those patients who reported permanent pain at admission, 58.1% indicated that they no longer had permanent pain at the four-year follow-up. Of those patients who did not have permanent pain at admission, 9.1% reported permanent pain at the four-year followup. There was no statistically significant change in permanent pain from one-to four-year follow-up (McNemar's v 2 ¼ 0.0, P ¼ 1.000).
Regarding the number of main pain locations, there was a statistically significant change across time (v 2 ¼ 34.9, P < 0.001). In the post hoc analyses, the same pattern emerged as for all other variables, with a statistically significant decrease from admission to four-year follow-up (Z ¼ -4.7, P < 0.001, r ¼ -0.39) and no statistically significant change from one-to four-year follow-up (Z ¼ -0.6, P ¼ 0.532). Thirty-four (50.0%) patients reported the same number of main pain locations at admission and four-year follow-up, whereas 48.5% reported a decrease in the number of main pain locations and 1.5% indicated an increase.
Long-Term Treatment Effects: Clinical Significance
Concerning the clinical significance of changes from admission to four-year follow-up, 66.2% of patients showed clinically significant improvement in pain intensity, 54.3% in pain-related disability, and 26.6% in painrelated school/work absence. For the psychological outcome domains, 23.5% of patients showed clinically significant improvements in anxiety, 27.8% in depression, and 50.0% in pain-related catastrophizing. For anxiety and depression, the most frequent category was "no change, unproblematic." Across all measures, between 4.3% (for pain-related disability) and 12.5% (for catastrophizing) showed reliable deterioration (see Table 3 ).
Overall Improvement and Maintenance Groups at One-and Four-Year Follow-Up
At the four-year follow-up, 38 patients (60.3%) showed overall improvement. The logistic regression identified age as the sole predictor for overall improvement (odds ratio ¼ 0.62, 95% confidence interval ¼ 0.46-0.82). Specifically, younger children were more likely to demonstrate overall improvement four years after treatment.
There was no systematic change in the overall improvement from one-to four-year follow-up (McNemar's v 2 ¼ 0.9, P ¼ 0.344). Data revealed 30 (54.5%) permanent improvers, three (5.5%) long-term improvers, seven (12.7%) short-term improvers, and 15 (27.3%) permanent nonimprovers (Figure 4 ).
Economic Effects of IIPT
Descriptive data for the different services used at the three time points are presented in Table 4 .
For number of services used, analyses showed a statistically significant change across the three time points (v 2 ¼ 43.6, P < 0.001). Post hoc analyses revealed a statistically significant decrease from admission to four-year follow-up (Z ¼ -5.1, P < 0.001) with a large effect size (r ¼ -0.55) and no statistically significant change from one-to four-year follow-up (Z ¼ -1.5, P ¼ 0.147). The same pattern also emerged for subjective financial burden. There was a statistically significant overall change (v 2 ¼ 28.7, P < 0.001), and post hoc analyses indicated that parents reported less subjective financial burden at four-year follow-up than at admission (Z ¼ -3.8, P < 0.001, r ¼ -0.40). The reported burden did not differ between the one-and four-year follow-ups (Z ¼ 1.4, P ¼ 0.180). Of the subjects who participated at the fouryear follow-up, 76.1% reported moderate or no subjective financial burden at admission, and five parents even reported a very high burden. At the four-year follow-up, 96.1% reported a moderate or no subjective financial burden while no one indicated a very high burden.
Treatment Outcome and Rate of Change in the Economic Parameters
The two outcome groups (improvement vs nonimprovement) differed statistically significantly at the four-year follow-up in the number of services used because of chronic pain (Z ¼ -3.4, P < 0.001), with the improved adolescents using fewer services compared with the nonimproved adolescents. For subjective financial burden, the parents of the improved adolescents indicated less subjective financial burden than those in the nonimprovement group at both follow-up time points (all Z < -2.4, all P < 0.017).
A statistically significant decrease from admission to the four-year follow-up was found for both parameters in the improvement group (all Z < -3.8, all P < 0.001) and for number of services used in the nonimprovement group (Z ¼ -2.5, P < 0.001). There was no such change for subjective financial burden in the nonimprovement group (Z ¼ 0.0, P ¼ 1.000), as well as no statistically significant difference for either group between the oneand four-year follow-up (all P > 0.070) (see Figure 5 ). 
Discussion
In this trial of IIPT, positive treatment effects on painrelated, psychological, and economic variables were maintained from a one-to four-year follow-up in a group of adolescents with disabling chronic pain. Approximately 60% of the adolescents sustained overall improvement over four years. However, the overall nonimproved adolescents reported a statistically significantly greater amount of services used due to their chronic pain disorder and higher subjective financial burden at the four-year follow-up compared with the overall improved patients. Additionally, age appeared to predict overall improvement, insofar as younger children were more likely to be improved four years after treatment.
Long-Term Treatment Effects
Studies have shown that chronic pain in children and adolescents predicts chronic pain in adulthood [7] . However, it is unclear whether early and comprehensive pain treatment can stop the development of pain chronification. Earlier studies of long-term outcomes provided data up to a maximum of one year after beginning treatment. In the present study, we were able to prove the long-term effectiveness of IIPT over four years. This is a first cue that IIPT can prevent pain chronification. At all time points, only those who returned the questionnaire at the four-year follow-up are included. *Due to possible multiple inclusions of individual participants, no percentage is given.
Four years after IIPT, large effects were found for the reduction of pain intensity and pain-related disability. Improvements in pain-related school/work absence and pain catastrophizing reached medium effect sizes, whereas only small effects were found for improvements in anxiety and depression. Observable behaviors, such as pain-related disability or school/work absence, might be easier to change than cognitive or emotional processes. Furthermore, the primary goal of IIPT is to reduce pain-related problems. Although the treatment of comorbidities such as anxiety or depression plays an important role in IIPT, the program may be too short to treat these as comprehensively as outpatient psychotherapy can. However, while many patients receive a recommendation for subsequent outpatient psychotherapy, not all implement this recommendation [27] .
The results for pain-related variables four years after treatment are in line with a recent systematic review on IIPT regarding short-term effects up to six months after treatment [9] , in which large effects for pain intensity and pain-related disability improvements and medium or large effects for fewer school/work absences were reported. For depression, our results also correspond to findings from this review [9] , with small or moderate effects at follow-up. Reduction in anxiety due to IIPT, however, achieved moderate or large effect sizes in the review [9] , whereas anxiety reduction only yielded small effects in the present study. IIPT is a complex intervention and, as such, must be evaluated progressively [28] . After having successfully implemented an RCT and having shown the long-term effectiveness of one IIPT program, multicenter studies are necessary to investigate the extent to which other researchers can replicate our intervention and results [28] .
For 58.1% of the patients with permanent pain at admission, the pain was no longer permanently present four years after IIPT; moreover, there was a substantial number of patients (48.5%) for whom the number of main pain locations decreased. Thus, IIPT does not only reduce pain intensity, but it can also positively influence other pain characteristics. Even patients who did not achieve clinically significant change as defined in this study may have experienced an improvement in their pain condition.
Regarding the overall improvement of the chronic pain condition, analyses of long-term effects revealed that approximately 60% of the adolescents were able to maintain a clinically relevant overall improvement at four years after treatment. This result is in line with our previous findings of 56% [12] with improvement 12 months after IIPT.
Despite these positive findings, future research is warranted. We still need to understand why 40% of the adolescents failed to improve, why 9.1% of the adolescents developed permanent pain in the years following treatment, and why the number of main pain locations increased for 1.5% of the sample. As younger children were more likely to show overall improvement, older age seems to be one risk factor for treatment failure that requires deeper examination. Further factors, such as pretreatment pain characteristics [12] , gender [29] , and emotional variables [30] , likewise warrant Long-Term Outcome Pediatric Chronic Pain Treatment deeper investigation. Additionally, we still lack a sufficient understanding of the mechanisms of change. Our IIPT program consists of different treatment modules that aim to change specific aspects of the patient's pain problem [17] . We need to further investigate the differential effects of these modules and potential mediators of the treatment effects to understand the mechanisms of change of IIPT. Such analyses require large samples that can only be realized with multicenter studies. Furthermore, future studies should focus not only on the pain-related and psychological problems that are reduced through IIPT but also on the competencies that are developed during treatment, such as enhanced selfconfidence, self-esteem, or solution-oriented thinking.
Economic Effects of IIPT
Overall, four years after IIPT patients used health care services less and experienced less subjective financial burden. Correspondingly, Evans et al. [6] showed that the objective financial burden of disabling chronic pain for society could be reduced through IIPT by, for example, reducing health care utilization.
However, although the overall number of services used and the subjective financial burden decreased from admission to four-year follow-up, the results are not as positive for those adolescents who did not improve. The results indicate that the difference between improved and nonimproved adolescents regarding economic effects increases in the long run. This underlines the importance of optimizing treatment to increase the number of long-term improvers. Nevertheless, in light of the immense annual costs of $19.5 billion in the United States [2], even a moderate or short-term reduction in the number of children and adolescents with disabling chronic pain may lead to substantial benefits for society.
Study Limitations
For the interpretation of the results, the following limitations have to be considered. First, although the participation rate was quite high at approximately 70%, it is possible that there was a response bias toward better outcomes as improved patients could be more committed to participate in studies and report about their health condition. Second, we dichotomized our primary outcome into improvers and nonimprovers according to Jacobson and Truax [23] . While this greatly enhanced the communication of results, this method is based on cutoff points that must be defined. Thus, the definition of the cutoff points directly influences the results and interpretations of clinically significant change and overall improvement. The method of clinical significance [23] is a good way of communicating and comparing results. However, for the results to be truly comparable, more effort should be made to define fixed and binding cutoff points, such as for anxiety and depression, oriented to population norm data [19, 20] . Third, with a mean age of 17.6 years, some adolescents were not in the age range of the anxiety questionnaire [19] or the depression inventory [20] that had been used in the initial assessment. These questionnaires are validated for use with students only, which is why there are no norm values for older ages. This refers to a general problem in longitudinal studies of children and adolescents and reveals the need to develop transitional questionnaires that may be used for longitudinal studies from childhood to emerging adulthood. Fourth, this is the first study using such a long-term follow-up, so the results must be replicated in future studies. Due to ethical reasons, in this study, there was no control group with disabling chronic pain that was followed over four years without having received IIPT. Future studies should include a study design that enables such a comparison to differentiate between the effects of IIPT and general transience of pediatric chronic pain. Fifth, school absence was assessed in the last four weeks. This short time period has only limited informative value in light of the long follow-up period. Sixth, parents may interpret the subjective financial burdens differently depending on the socioeconomic status and family income. We did not assess these variables in the present study. Seventh, there might have been a recall bias, given that parents were required to recall economic parameters over a sixmonth time frame. However, Groenewald et al.
[2] even had parents recall health care utilization in the last 12 months.
Conclusions
In conclusion, we demonstrated that IIPT is an effective treatment to sustainably reduce pain-related and psychological symptoms of highly impaired children and adolescents with disabling chronic pain. Approximately 60% of the treated patients experienced long-term improvements. We also demonstrated statistically significant reductions in health care use and subjective financial burden after IIPT. Additional research on moderators and mediators of different treatment responses is necessary to understand why 40% of the adolescents failed to show clinically significant improvement. Such knowledge will allow for more individualized treatment so that more patients impacted by chronic pain may improve and costs to society may decrease.
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